Summary. Perceived discrimination has been linked to poor health outcomes among ethnic and racial minorities in the United States, though the relationship of discrimination-related stress to immigrant health is not well understood. This article reports findings from a preliminary study that examined blood pressure and Epstein-Barr virus antibody levels in relation to selfreported indicators of stress, acculturation and social support among 79 adult immigrant Latino farm workers in Oregon, US. Findings show that increases in discrimination-related stress predicted elevated systolic blood pressure (SBP) and Epstein-Barr virus antibody levels among male participants. Though female participants reported similar levels of discrimination stress, this perceived stress was not reflected in biological measures. Among women, greater English language engagement was linked to higher SBP, and more years in the US was associated with higher diastolic blood pressure. Study results suggest that male and female immigrants' physiological responses to stress may be influenced in distinctive ways by processes of adjustment to life in the US. If replicated, the finding that discrimination stress predicts elevated SBP may have clinical and public health implications given that elevated SBP is an established risk factor for cardiovascular disease.
Introduction
Persistent racial and ethnic disparities in the United States have been shown to diminish the overall life prospects, quality of life and life expectancy of many ethnic and/or racial minority populations (Institute of Medicine, 2002; Williams & Jackson, 2005; Landrine et al., 2006) . Numerous studies have shown that these disparities -such as disproportionate disease risk among minority populations when compared with the white population -are not only the result of less access to health care and prevention services by minority groups, but are also related to perceptions of racial or ethnic discrimination as a type of stressful life experience (Harrell et al., 2003; Williams et al., 2003; Dressler et al., 2005; Ryan et al., 2006) . Discrimination-related stress has been shown to correlate with biological measures such as elevated systolic and diastolic blood pressure (SBP and DBP, respectively; Dressler, 1990; James et al., 1994; Ryan et al., 2006) . Chronic psychosocial stress, such as that related to discrimination, has also been linked to elevated Epstein-Barr virus (EBV) antibody levels indicative of reduced cell-mediated immune function (Kiecolt-Glaser et al., 1984 Glaser et al., 1985) . There is scant research among immigrants, however, that utilizes biological as well as self-report measures to examine the links among psychosocial stress in general, perceived discrimination in particular, and physical health (Finch & Vega, 2003; Ryan et al., 2006) ; even fewer studies take into account stressors related to processes of adjustment to life in the United States (acculturation). Little is known about whether diverse psychosocial stressors among immigrants -including discrimination and acculturative stressorstrigger distinct physiological responses, such as elevated blood pressure or EBV antibody levels, or both. A clearer understanding of the relationships between chronic stressors and diverse physiological pathways may ultimately offer insights into links between social determinants of immigrant health and increased susceptibility to illness, including chronic disease.
Latinos in the United States
Despite the size of the Latino population in the United States (15% of the nation's population, and the largest ethnic/racial minority group; US Census Bureau, 2008a), little is known about stress and health among the 40% of Latinos in the US who are foreign born (Pew Hispanic Center, 2007) . In Oregon, Latinos also comprise the largest minority group (10%), though like other states that are sites of rapid immigrant population growth, Oregon has limited recent experience with large influxes of immigrant newcomers. Such rapid growth, when combined with Englishlanguage-dominant institutions and systems that may be unprepared to address the needs of a culturally pluralistic population, can contribute to intense stress for Latino adults and families (Martinez et al., 2008; Farquhar et al., 2008) . Latino immigrants' contact with dominant society may also bring its share of discriminatory experiences (Finch & Vega, 2003; Pérez et al., 2008) , the physical health effects of which are just beginning to be investigated.
Acculturation and immigrant health
Acculturation is a multidimensional construct that describes phenomena resulting from continuous contact between groups of individuals from different cultures, including subsequent changes in the cultural patterns of one or both groups (Berry, 1998) . Because acculturation is multidimensional, including such factors as language proficiency, language use, nativity, culture-related behavioural preferences and ethnic identity, among others, no consistent or uniform definition or measurement strategy has been established in the literature (Cabassa, 2003; Carter-Pokras & Bethune, 2009; Thomson & Hoffman-Goetz, 2009a, b) . Though a multidimensional measurement of assessment is considered the 'gold standard', the present study focused on two elements -English language engagement and time in residence (TR) -in order to minimize participant burden. These specific variables also were selected to assess aspects of acculturation that are particularly salient to the context of Oregon where the burden of communication with monolingual English speakers and institutions is borne predominantly by immigrants. In addition, these variables have been shown to account for a large percentage of the variance in acculturation scores using standardized instruments (Marín & Marín, 1991; Portes & Rumbaut, 2001) . Acculturation also can serve as a marker for other psychosocial processes (e.g. family support and socioeconomic status) that should be measured as potential explicating variables linking discrimination stress among immigrants with health change (Escobar & Vega, 2000; Lara et al., 2005) . For instance, more time in residence and greater English language engagement tend to relate to reduced family support (Vega & Gil, 1999; Pantin et al., 2007) and to higher socioeconomic status (Mason, 2004) , two variables shown to relate to physiological responses to psychosocial stress exposure, including discrimination.
Discrimination
Contrada and colleagues (2001) define ethnic discrimination as unfair treatment received because of one's 'ethnicity', referring to various groupings of individuals based on culture of origin (Brondolo et al., 2009b) . Numerous studies have illustrated the ways in which discrimination and stigma, social processes linked to the reproduction of inequality and exclusion (Paradies, 2006) , are an intrinsic part of life in the US and affect minority groups on a daily basis (Szalacha et al., 2003) . Of relevance to the current study is evidence that perceived discrimination varies by immigrants' nativity and age upon arrival in the US (Finch et al., 2000; Dominguez et al., 2009) . Pérez and colleagues (2008) observed that US-born Latinos and foreign-born Latinos who arrived in the US at six years of age or younger were more likely to report discrimination than their less-acculturated counterparts who arrived in the US as adolescents or young adults.
Discrimination based on race and ethnicity has also been linked to lower socioeconomic status (SES) within various contexts (Finch et al., 2000) . Low SES, in turn, has been associated in several studies with chronic activation of the stress response (Lupien et al., 2000; Kunz-Ebrecht et al., 2004) , greater health risks and poorer health across the lifespan (Wadsworth & Achenbach, 2005) . As extensive evidence exists of the corrosive effects of poverty on the ability to maintain good health (e.g. Marmot, 2004; Steffen, 2006; Wadsworth et al., 2008) , the present study investigates the potential interactive effects of SES and discrimination stress for changes in immigrants' physiology and health.
Discrimination and blood pressure
The negative mental health effects of prejudice and stigma are well-documented, though the links between perceived discrimination and poor physical health are less definitive (Harrell et al., 2003; Williams et al., 2003; Din-Dzietham et al., 2004) . The few studies on the relationship between discrimination and blood pressure among Latinos in the US show mixed results. In one of the earliest studies, James and colleagues found a positive correlation between discrimination and blood pressure in a majority Latino sample of workers (James et al., 1994) . A decade later, Ryan and colleagues (2006) found that perceived discrimination experienced by Latino immigrants was significantly associated with higher SBP, a well-recognized risk factor for cardiovascular disease (Kannel et al., 1996; Lenfant et al., 2003) . Diastolic blood pressure (DBP), however, was unrelated to discrimination, and the authors posited that SBP may serve as a better marker for hypertension and related illnesses than DBP (Black, 1999) . Brondolo and colleagues (2008) , in their study of ambulatory blood pressure and discrimination among US-born Latinos and black adults, observed that perceived racism was positively associated with nocturnal ambulatory blood pressure even when controlling for personality factors and SES.
In contrast, Krieger and colleagues (2008) detected no significant relationships between unfair treatment and SBP, a similar finding to that of the Study of Women's Health Across the Nation (Brown et al., 2006) . Though SWAN researchers found racial/ethnic differences in blood pressure among middle-aged women, with Latinas and African-American women having the highest measured blood pressure of all groups, high levels of perceived unfair treatment were not correlated with elevated SBP or DBP for women of any racial/ethnic group. Finally, in a meta-analysis that drew on studies of acculturation and blood pressure conducted around the world, Steffen and colleagues (2006) found that men's blood pressure was more negatively affected by acculturation than women's. These researchers attributed this difference to context, citing that male immigrants were more likely to be exposed to workplacebased stressors, while female immigrants were more likely to remain in the home, interacting with a network of culturally similar women. Steffen and colleagues' valuable review suggests as a next step the consideration of potential effects on blood pressure of distinct aspects of acculturation (e.g. nativity, language use and TR) and covariates such as SES and family support.
Psychosocial stress and immune function
Over the past two decades, EBV antibody levels have been applied as a biomarker of chronic psychosocial stress (McDade et al., 2000a; Panter-Brick et al., 2008) . The Epstein-Barr virus is a ubiquitous herpes virus for which 80-90% of adults in the US test positive by the age of 40 (Jones & Straus, 1987) , with even higher prevalence rates estimated in the developing world (McDade et al., 2000a) . Once infected, individuals harbour the virus for life but adequate cell-mediated immune function maintains the virus in a latent state and most adults infected with EBV are clinically asymptomatic (Henle & Henle, 1982) . Stress-induced immunosuppression, however, allows EBV to reactivate, which may trigger an antibody response (Glaser et al., 1991) ; an increase in levels of antibodies against EBV, therefore, is interpreted as a reduction in aspects of cell-mediated immune function. Researchers have found elevations in EBV antibody levels among individuals in poor quality marriages (Kiecolt-Glaser et al., 1993 , caregivers for a family member with Alzheimer's disease (Kiecolt-Glaser et al., 1987) , and Samoan adolescents and indigenous Siberian adults exposed to Westernizing influences (McDade et al., 2000b; Sorensen et al., 2009) . Research in the US and internationally also indicates important gender differences, with higher levels of psychosocial stress and depression corresponding with elevated EBV antibody levels among women and adolescent girls (Kiecolt-Glaser et al., 1993; McDade & Worthman, 2004; Panter-Brick, et al., 2008) .
There is compelling evidence that stress-induced alterations in immune function are causally related to a range of disease outcomes , including wound healing (Kiecolt-Glaser et al., 1995; Marucha et al., 1998) and rheumatoid arthritis (Affleck et al., 1997) . Because of EBV's reliability as a marker for chronic psychosocial stress, at least one population-based study in the US (e.g. the National Longitudinal Study of Adolescent Health) has incorporated it .
Most investigations into psychosocial stress have relied upon perceived or reported variables as estimates of exposure to stressors. The present study also uses multiple biological markers of chronic psychosocial stress, including blood pressure and EBV antibodies, to better understand the complex pathways linking stress exposure (related to unfair treatment in particular) to physiological change and, ultimately, to health status (Brondolo et al., 2009a) . In addition, the current study investigates elements of acculturation in relation to reported discrimination stress exposure and immigrant physiological measures. Though acculturation has been widely recognized as a potential stressor within foreign-born populations (Vega & Gil, 1999; Martinez, 2006) , only a few studies address blood pressure and acculturative change among immigrants in the US (e.g. Jurkowski & Johnson, 2005; Boeckner et al., 2006; Mainous et al., 2006) . A similarly small number of studies have used biomarkers to investigate acculturative stress, and most of these were conducted outside the US and focused primarily on the health effects of economic development (e.g. Hanna, 1998; McDade, 2001; Bongard et al., 2002; Gustafsson et al., 2006; Snodgrass et al., 2007; Matheson et al., 2008) . The present study helps to fill this gap by integrating biological as well as self-report measures to investigate what more might be learned about the influence of discrimination-related stress on immigrant health in the US, especially when variables such as SES, family support and aspects of acculturation (e.g. TR, English language engagement) are taken into account.
This study tested four main hypotheses:
(1) Higher acculturation, and lower SES and family support, are associated with higher reported discrimination stress among both women and men; (2) Greater reported discrimination stress is associated with men's elevated SBP and DBP and is unrelated to women's blood pressure; (3) Perceived discrimination is positively related to men and women's EBV antibody levels; (4) Discrimination-related stress interacts with SES to predict elevations in SBP and DBP among men, and higher EBV antibody levels among men and women.
Methods
The study employed a community-based participatory research approach involving collaboration with a well-respected community-based organization that provides housing and social services to farm workers. This organization's farm worker housing complexes are located in three towns in the Willamette Valley, a rich agricultural region known for its fruits, vegetables, nurseries and vineyards.
Sample recruitment
The target sample of 80 individuals was drawn from farm worker residents living in housing complexes in one of two Willamette Valley locations: (1) in a small rural community (population 8200), and (2) on the outskirts of one of Oregon's medium-sized cities (population 149,000). Study eligibility required that participants be adults (18 years or older) and, if female, were not pregnant. The community-based organization staff identified 105 potential participants during the recruitment phase. Recruitment efforts focused on word-of-mouth and direct person-to-person contacts, both of which have been shown to be effective recruitment strategies for Latino immigrants in this region (Harachi et al., 1997) . Of potential participants, 90 residents were present on their scheduled day of assessment. Of these, five women were ineligible for the study (one woman was younger than 18, and four women were pregnant). Of 85 eligible individuals, 82 were successfully recruited and participated in both the health exam and interview phases of the assessment, yielding an overall participation rate of 96%.
The sample for this study was drawn from a non-probability design as previous longitudinal studies have successfully relied on this approach to address significant challenges associated with traditional probability sampling methods with immigrant communities, especially those with a large proportion of undocumented members, such as in Oregon, who may not be included in census counts or public-access information databases. This design also was informed by authors' prior experience with recruitment challenges due to public commentary portraying Latino immigrants as criminal, coupled with recent dramatic increases in detentions of immigrants in their workplaces and homes. This study relied solely upon recruiters who were Latina/o, native Spanish speakers, and foreign born, and recruited through trusted social networks. The reliance on a convenience sample has implications for the generalizability of the findings of this preliminary study (see Discussion below).
Participants
Analyses focused on 51 female and 28 male residents (18-69 years of age). Fifty-seven per cent were residents of a farm worker complex located in a rural area, and the remaining 43% lived in a residence on the outskirts of a mid-sized city. Ninety-seven per cent (77 participants) of the sample was born in Mexico, with the remaining two participants from Guatemala. Women averaged 33.9 years old (SD=10.4) and men averaged 37.0 years old (SD=12.2). Women immigrated to the US an average of 8.2 years prior to the study (SD=6.6) and men arrived 12.7 years prior (SD=10.1), with men significantly more likely to have lived in the US for more time than women (p<0.05). There were no significant differences in the ages of women and men in the two study sites. About 54% of men and 63% of women had an 8th grade education or less, with 26% of men and 11% of women completing high school or receiving post-secondary education. Ninety-three per cent of men and 45% of women were employed; an additional 36% of women reported they were homemakers. Heads of household reported an annual median household income of US$15,000 to support an average household of five people (SD=1.5). Seventy-two per cent of participants reported having no health insurance, with 58% of uninsured respondents reporting they did not have a health provider they could consult if concerned about a health issue. Approximately 22% of the sample reported speaking mostly English at home.
Assessment procedures
On a single day, residents participated in a health assessment and responded to a 20-minute interview. All participants provided written consent prior to the assessment. All participants had fasted (> 8 hours) and were in a post-absorptive state. The health examination involved the measures of blood pressure, height and weight, total cholesterol and fasting glucose (see below). Blood spot samples were collected for later analyses of EBV antibodies and C-reactive protein (CRP; see below). C-reactive protein was used as a biomarker of current or recent infection to control for the potential impact of infection on immune function. Following the interview, participants received one-on-one health counselling and, when indicated, were referred to partner public health agencies for follow-up. All respondents were assessed in Spanish.
Biological measures
Stature and body mass were recorded using standard procedures (Lohman et al., 1988) . Body mass index (BMI) was calculated as mass divided by height in metres squared (kg/m 2 ). Regional fat distribution was assessed by waist circumference (WC) following standard procedures (National Institutes of Health, 2000; Ho et al., 2003) .
Blood pressure measurements were collected using an Omron HEM-422CRLC manual inflation oscillometric blood pressure monitor (Vernon Hills, IL). For each participant, blood pressure was measured two separate times, taken at least 10 minutes apart, following standard practice; all blood pressure measurements were taken on the same visit and during the morning. The average of the two measurements was used in all analyses. Descriptive statistics were used to identify two SBP outliers and one DBP outlier (values were greater than two standard deviations from the mean) whose inclusion influenced the significance of correlations run with independent variables; these outliers were excluded from final analyses.
Whole blood spot samples were collected for subsequent laboratory analysis of CRP and EBV antibody levels. Following standard procedures , each participant had their finger pricked with a sterile disposable lancet; 2-5 drops of blood were then collected on standardized filter paper (No. 903; Whatman, Florham Park, NJ). Blood spot samples were then dried overnight, and were stored at 80(C until laboratory analysis. Blood spot EBV antibody and CRP concentrations were measured using a high-sensitivity enzyme-linked immunosorbent assay (ELISA) protocol described elsewhere (McDade et al., 2000a) . Assay validation indicated good sensitivity, precision and reliability. All participants were seropositive. Serum equivalent CRP concentrations, calculated through a conversion formula, were used to identify samples greater than 5.0 mg/l that were considered indicative of current infection (McDade, 2001) ; five individuals fitted this criterion and were excluded from statistical analyses. All laboratory analyses were performed in the Laboratory for Human Biology Research at Northwestern University.
Interview
The present study relied on a measurement strategy that has been extensively developed and refined for use with the Latino population by the Oregon Social Learning Center's Latino Research Team. Due to the brevity of the interview, specific items were drawn from a larger assessment battery that consistently and strongly relate to constructs of interest in the current study (e.g. perceived discrimination, acculturation, family support). The Latino Research Team assessment battery incorporates culturally specific and psychometrically validated standardized instruments (e.g. Perceived Discrimination [Kessler et al., 1999] , Hispanic Stress Inventory for Immigrants [Cervantes, Padilla, & Salgado de Snyder, 1990] , and Hispanic Familism Scale [Sabogal et al., 1987] ). The present study's questionnaire also included sociodemographic, health and food security items drawn from standardized instruments adapted for use with US Spanish-speaking populations in general (e.g. Harrison et al., 2003 ; National Health Interview Survey; National Center for Health Statistics, 2006) , and with Mexican origin immigrant populations in particular (Villarejo & McCurdy, 2008) .
Though this study had little variance in occupation as all participants engaged in work on farms, vineyards or in canneries, income and education were used as proxies for different gradients of SES to discern its relationship to discrimination-related stress, and to biological measures of blood pressure and EBV. Separate analyses by sex relied upon either women's or men's educational levels, and personal income (for employed heads of household) or household income (for analyses including homemakers). In keeping with previous research (Gravlee et al., 2005) , each of the variables for women and men's SES was further transformed into a dichotomous variable (for use in graphs only) through recoding the lower 50% of responses as 'lower SES', and the upper 50% of responses as 'higher SES'.
Time in residence is equal to the number of years and months a participant reported living in the US.
An English language orientation (ELO) factor score was created from three items to reflect respondents' engagement with English language practices (Cuellar et al., 1995) . The first item asked respondents how much participants enjoy English language or American activities (e.g. music, TV or radio programmes, food) and had a 5-point Likert scale (1=don't enjoy at all, to 5=enjoy a lot). The second and third items asked how comfortable respondents feel speaking English and reading English (1=very uncomfortable, to 5=very comfortable). The acculturation factor created from these three items had factor loadings of 0.70 for enjoyment of English language activities, and 0.81 and 0.83 for comfort speaking English, and reading in English, respectively. The Kaiser-Meyer-Olkin (KMO) test of sampling adequacy was 0.637 (considered acceptable); this factor explained 61.3% of observed variance. The ELO variable was further transformed into a two-part variable (for use in graphs only) to indicate those participants who have either less of an orientation toward English language activities (lower 50% of responses) or more of an orientation (upper 50% of responses).
Perceived discrimination was measured through a two-part question taken from the LRT's adapted Perceived Discrimination (Kessler et al., 1999) instrument, in which respondents were first asked whether they had been treated as if inferior because of their race, ethnicity, skin colour, language or nationality within the last three months. If no discriminatory event(s) occurred, participants selected '6=No', and if the event did occur, respondents were asked to rate on a 5-point scale the degree of stress they experienced due to the event(s) (1=not at all stressful, to 5=extremely stressful). A five-item scale was created by merging '6=No' with '1=not at all stressful' to create '1=no stress' to reflect participants who reported experiencing no discriminatory event or no stress related to discrimination; this five-item variable was used in all correlations. For use in graphs, the five-item variable was transformed into a dichotomous variable with 'no stress', and '2' to '5' recoded as 'stress'.
Family support was measured through responses to a single item from the Hispanic Familism Scale: 'When someone has problems s/he can count on help from his/her relatives'. Possible responses were on a Likert scale ranging from one to five (1=very much in agreement, to 5=very much in disagreement). This variable was reverse coded so that responses on the high end of the scale reflected high agreement with the statement.
Analytic strategy
Analyses were performed on males and females separately. Statistical analyses were performed using SPSS 13.0. Distributional assumptions were examined using Kolmogorov-Smirnov tests. To ensure a normal distribution for analysis purposes, EBV antibody values were log10-transformed and logEBV (EBV) was used in subsequent analyses. Descriptive statistics were used to identify one outlier whose inclusion did not influence the significance of correlations run with EBV and independent variables and was included in final analyses. Descriptive statistics for anthropometric data are presented in Table 1 . Pearson's correlations were used to assess associations among EBV, SBP and DBP, and anthropometric variables by sex (Table 2 ). For both men and women, EBV was unrelated to age, BMI and waist circumference. BMI and waist circumference were positively related to SBP and DBP, a result in keeping with an established literature demonstrating strong relationships between body composition and blood pressure (Kaplan, 2005 ; smoking was unrelated to all biomeasure variables). As associations between waist circumference and the two blood pressure measures were substantially stronger than those between blood pressure and BMI (Table 2) , waist circumference was selected in lieu of BMI as a covariate in partial correlations and multiple regressions in which SBP or DBP were dependent variables.
To test the final hypothesis, variables were created to analyse the interaction effects of discrimination-related stress ('inferior') and SES on the dependent variables of EBV, SBP and DBP. Given the modest sample size, in order to have adequate power to conduct multiple regressions for the smallest cell sizes (n=28 for analyses involving men), interaction variables were computed through first creating separate Z-scores for men and women of the independent variables 'SES' and 'inferior'. Two interaction variables (one for each sex) were then created through multiplying the Z-scored 'inferior' by the Z-scored 'SES.' All multiple regressions contained the same control variables -age, waist circumference, inferior and SES -in addition to the interaction variable to analyse the effects of discrimination and SES on each physiological marker.
Results

Stress and EBV antibody levels
A larger share of women (43%) than men (35%) reported being treated as if inferior and being stressed by it, though the difference in women and men's discrimination-related stress was not significant. Differences in women and men's EBV antibody levels approached significance (p=0.09). Bivariate correlations revealed that men's stress was positively correlated with higher EBV antibody levels, though the relationship only approached significance (Table 2 ). After adjusting for men's SES through a partial correlation, however, stress and EBV were shown to be unrelated (r=0.31, p>0.10). English language orientation (ELO) showed a negative trend in relation to men's EBV (Table 3) ; this trend remained after adjusting for SES (r= 0.37, p=0.07). Men's family support and TR were both unrelated to EBV, even after adding SES to the partial correlation as a potential confounder (r= 0.20, p>0.10).
Among women, discrimination-related stress showed a negative trend in relation to EBV (Table 2) ; after controlling for SES in a partial correlation, this relationship strengthened only slightly (r= 0.29, p=0.06). Women's higher EBV levels were marginally correlated with TR (Table 2) ; after adjusting for SES, this relationship became significant (r=0.32, p=0.04). Higher EBV among women was unrelated to either ELO or family support, even after controlling for SES (ELO: r=0.12, p>0.10; Support: r=0.14, p>0.10).
Multiple regression analyses investigated interaction effects between discriminationrelated stress and SES in relation to EBV (Table 3) . Among men, increases in discrimination-related stress predicted elevated EBV levels, with the interaction between stress and SES explaining 61% of the variance in men's EBV levels. Plotting the same results using ANOVA shows that men who reported experiencing no discrimination-related stress, and who were in the upper 50% of men's SES, had slightly lower EBV levels than men with lower SES (Fig. 1) . In the presence of discrimination-related stress, however, the EBV levels of men with higher SES elevated noticeably more than those of men with lower SES. Lower levels of ELO similarly predicted elevated EBV among men. Among women, discrimination-related stress showed a negative trend in relation to EBV, with no significant associations detected between EBV and any of the independent variables included in the model.
Stress and blood pressure
Only one female participant and no male participants were classified as hypertensive (SBP>140 mmHg or DBP>90 mmHg). An additional 25% of men and 26% of women measured as prehypertensive (SBP=120-139 mmHg or DBP=80-89 mmHg).
When partial correlations were run to examine men's SBP and DBP in relation to discrimination-related stress (controlling for age and waist circumference), no significant relationships were detected (Table 4) . Diastolic blood pressure was unrelated to men's family support but, after controlling for SES in addition to age and waist circumference, higher DBP was significantly related to lower family support (r= 0.41, p=0.05). Family support was unrelated to men's SBP, and TR, ELO and SES were unrelated to both men's SBP and DBP (Table 4 ). Women's discrimination-related stress also was unrelated to both SBP and DBP (Table 4 ). Women's ELO approached significance with SBP and, after controlling for SES in addition to age and waist circumference, women's SBP significantly and positively associated with ELO (r=0.31, p=0.05; Fig. 2 ). Women's DBP was significantly and positively related to TR, and showed a negative trend with family support (Table 4) . After adjusting for women's SES in addition to age and waist circumference, women's DBP remained significantly correlated with TR (r=0.33, p=0.04), though DBP no longer related to family support (r= 0.24, p>0.10).
Multiple regression analyses explored potential interaction effects between discrimination-related stress and SES in relation to each of SBP and DBP. In addition, unlike findings from bivariate correlations, multiple regressions allow for the detection of the unique effect of discrimination-related stress on blood pressure after controlling for the variance accounted for by SES, ELO and family support. In regression models, increases in men's discrimination-related stress predicted elevations in men's SBP, and a significant interaction effect was observed between discrimination-related stress and SES in a model explaining 65% of the variance in men's SBP levels (Table 5 ). An ANOVA plot illustrates that men who reported experiencing no discrimination-related stress had lower SES and lower SBP levels (Fig. 3) . In the presence of discriminationrelated stress, however, the SBP levels of men with lower SES were most noticeably elevated. In addition, decreases in family support predicted increases in men's SBP. The model including discrimination stress and other covariates also showed a trend toward predicting elevated DBP among men (p=0.06; Table 5 ), though only decreased family support showed a unique effect in predicting men's increased DBP. Among women, there were no detected effects on blood pressure of discrimination-related stress or of the interaction between stress and SES (Table 5) .
Discussion
Results from the present study provided mixed support for hypotheses. Higher blood pressure among women (but not men) was associated with more years in the US and greater engagement with English language activities. Higher SBP and EBV antibody levels among men (but not women) were predicted by discrimination-related stress. Surprisingly, women's higher discrimination stress related to lowered EBV antibody levels. Though further research is required to confirm these results, this study illustrates that the incorporation of biological measures into an investigation of perceived discrimination and elements of acculturation may provide insights into the links among psychosocial stress and physiological effects among Latino immigrants. 
Prevalence of psychosocial stress among Latino immigrant farm workers
Rates of discrimination reported in this study -40% of all participants reported they felt stressed by being treated as if inferior -are higher than those reported in most US Latino samples (at 18 to 30%; Stuber et al., 2003; Pérez et al., 2008) , and comparable to or lower than those recorded among samples composed exclusively of Latino farm workers (at 38 to 50%; Alderete, et al., 1999; Farquhar, et al., 2008) . This study also documented social and economic conditions that favour stress among this population. The median annual household income of US$15,000 reported by study participants is less than a third of that for Oregon households in general (US Census Bureau, 2008b) . Evidence shows that low household incomes and concentrated poverty are significantly related to lowered social support, increased depression and other stressors (Schulz et al., 2006; Williams & Latkin, 2007) . Forty per cent of heads of households reported living in food-insecure households without hunger, and an additional 14% reported not having sufficient food during the past year; hunger rates reported by study participants are two times higher than those among US Latinos (5%) or blacks (6%) (US Department of Agriculture, 2005) . Though nutritional status can influence physical health measures and immune function (e.g. Vozoris & Tarasuk, 2003; Tanumihardjo et al., 2007) , no significant relationships were observed between food insecurity and each of EBV antibody levels, SBP or DBP among men or women (results not shown here). Finally, the rate of uninsured among participants at 72% was significantly higher than that for Latinos nationwide (43%; Centers for Disease Control and Prevention, 2007) .
Perceiving stress: discrimination, acculturation and physiological change
Among men, perceived discrimination predicted increases in EBV antibody levels and in SBP, a similar pattern to that documented in prior studies of discrimination and blood pressure (Krieger et al., 1999; Ryan et al., 2006; Sweet et al., 2007) . Also similar to other studies was the finding that men's DBP is not strongly related to discrimination-related stress (Krieger & Sidney, 1996; Ryan et al., 2006) .
Socioeconomic status appears to influence men's discrimination-related stress -a finding in keeping with previous research among Latinos (Cardarelli et al., 2007; Williams, 2008 ) -though its effects were different for EBV antibody levels and SBP. When experiencing stress from discrimination, the most elevated EBV antibody levels were seen among men with higher SES (Fig. 1) . The highest SBP levels, however, were seen among men with lower SES (Fig. 3) . This finding may reflect differences in men's exposure to discrimination in the workplace and occupational stress (Finch et al., 2001; Din-Dzietham et al., 2004) , particularly related to lack of control and predictability, which are recognized predictors of high stress and poor health outcomes (Pearlin et al., 1981; Williams, 2008) . Though this study's design and limited sample only allow for tentative interpretations, differences in the effects of men's SES on physiological measures could reflect men's divergent experiences of psychosocial stress which, in turn, could contribute to dissimilar physiological stress responses. Evidence from neuroscience indicates that not all stressors produce the exact same stress response (e.g. Schommer et al., 2003) and that different types of stressors may have their own neurochemical 'signatures' (Pacák & Palkovits, 2001) ; for instance, passive coping has been linked to cardiovascular activation (Sherwood et al., 1990; Tomaka et al., 1993 ) -a contributor to increased SBP over time (Cacioppo et al., 2002; Hawkley et al., 2003) -and certain types of depression have been shown to suppress immune function (Sabban & Kvetnansky, 2001; Tafet & Bernardini, 2003) . These divergent results also might be explained by men's expectations related to socioeconomic status thus raising the question: are men with higher SES who perceive of higher SES as protective against discrimination more vulnerable to the effects of stress when they experience prejudice?
In contrast to results for men, women's discrimination-related stress was unrelated to both blood pressure measures, a finding in keeping with that documented in the SWAN study (Brown et al., 2006) . A potential explanation for this result may reside in the role of social support as a buffer against otherwise negative influences of psychosocial stress on women's blood pressure, a finding documented elsewhere (e.g. Dressler & Bindon, 2000) . In fact, recent research suggests that stress among women, rather than spurring a 'fight or flight' reaction, may instead catalyse women to seek social affiliation and to 'tend and befriend' (Taylor et al., 2000; but see Geary & Flinn, 2002) . A trend finding provides preliminary support for an association between discrimination-related stress and family support: the greater the stress women reported feeling because of negative things said to them, the more they agreed with the statement, 'when there are problems, you can count on family ' (r=0.26; p=0.07) . Other plausible alternatives for these apparent gender differences are that women have different outlets for stress responses than men, such as depression or changes in eating behaviour (Flores et al., 2008) , or that women's biology may moderate stress responses differently than men's (Panter-Brick et al., 2008) .
Another contrasting finding for women in comparison with men related to EBV antibody levels: for women, stress due to discrimination showed a trend toward predicting lower EBV antibody levels. Though this nearly contradictory result for women and men is surprising, it is not unprecedented. Researchers involved in a follow-up to the important Whitehall studies found opposite associations between SES gradients and glucocorticoid levels among male and female members of the British civil service (Steptoe et al., 2003) .
Gender differences also were identified in analyses of acculturation variables in relation to biological measures. Among women, partial correlations revealed that greater English language orientation was associated with higher SBP, and more years in the US related to higher DBP. In multivariate regression models, men's English language engagement was unrelated to men's blood pressure, though was strongly related to EBV antibody levels, with men's lower English language orientation predicting men's elevated EBV antibody levels.
English language engagement has been shown to be both a risk and protective factor for immigrant stress exposure (Finch et al., 2000; Pérez et al., 2008) . Numerous studies have demonstrated that immigrant farm workers with little or no English proficiency may experience limited employment opportunities with available jobs often characterized by high (physical) demands, potentially hazardous conditions, little autonomy and low pay (e.g. McCauley, 2005; Farquhar et al., 2008) . It is unsurprising that in a study of farm workers, the lower men's English language engagement, the greater their potential exposure to occupational stressors, and the higher their chronic psychosocial stress as indicated through EBV antibody levels. This study, however, also provided evidence of the protective nature of limited English language engagement. Pérez and colleagues (2008) propose that non-English speaking immigrants may be protected from discrimination-related stress through linguistic isolation while Englishspeaking participants may understand when someone discriminates against them. Their observations were based on data from their nationwide study of Latinos, in which English-proficient participants reported twice the rate of everyday discrimination compared with Spanish-speaking participants in the sample. The current study's results, if confirmed with a larger sample, imply that a concern for gender might reveal differences between women and men in the relationships between discrimination-related stress and language proficiency. Equally important may be insights into the social and occupational contexts within which women and men are exposed to psychosocial stressors, including that related to unfair treatment. Relatedly, study data also raise questions of whether there may be gender differences in the relationships between acculturation variables and family support, with increased English language engagement significantly relating to more years in residency and lowered family support for women but not for men (Table 3 ). There was tentative evidence for one point of commonality between women and men: among both, lowered family support was shown to be associated with elevated SBP and DBP (some findings were trends; Tables 2 and 5 ).
In addition to a consideration of differing impacts by gender, future research on discrimination and health would benefit from the consideration of potential confounds such as ethnic identity formation (Eccleston & Major, 2006; Rumbaut, 2008) , and strategies related to coping and presentation of self to mitigate the health effects of exposure to discrimination (Brondolo et al., 2009a) . As Ryan and colleagues (2006) observed, elevated SBP levels were detected among individuals who reported high discrimination stress as well as among those who coped with discriminatory experience through under-reporting its effects (Hodson & Esses, 2002; Krieger et al., 2008) , thus creating a U-shaped curve. In the present study, it is unknown whether men and women differed in their willingness to acknowledge experiences of discrimination, or whether gender differences in coping and presentation of self may have had physiological consequences; however, no U-shaped relationship was detected between discrimination stress and SBP for either women or men.
Do perceived discrimination and acculturative strains diminish immigrant health?
In recent years, researchers have begun to explore the possibility that discrimination experienced as part of the process of 'becoming American' (Portes & Cobas, 1980; Viruell-Fuentes, 2007 ) is linked to negative health effects over time among immigrants, and that this negative health trajectory can extend to later generations (Gee et al., 2006; Pérez et al., 2008) . Many scholars point to discrimination as a learned and context-dependent process through which recent immigrants embody their ascribed status as US minorities (Krieger et al., 2005) , a status that for Mexican-origin immigrants, in particular, may be stigmatized regardless of an individual's legal status (Finch et al., 2000; Stephen, 2007) .
Observed differences between men and women in the relationships among discrimination-related stress and biological measures raise the question of whether perceived discrimination might have mixed effects on immigrant health. Is it possible that discrimination-related stress may diminish men's health but, when experienced by women, catalyse social support processes that are ultimately protective of women's health? Results from the present study, if confirmed with a larger sample, suggest that different associations may exist among biological markers of stress and English language orientation for women and men, with distinct implications for women and men's health. In addition, if future studies reinforce the present findings, research into the effects of psychosocial stress on men's health might take into account gradients in SES.
Does psychosocial stress contribute to chronic disease progression?
This study's findings that perceived discrimination predicted elevated SBP among male participants, and that greater English language engagement relates to increased SBP among female participants may, if replicated in a larger sample, have clinical implications given that elevated SBP is an established risk factor for cardiovascular disease (CVD; Kannel et al., 1996; Lenfant et al., 2003) . The links between EBV and CVD are less known, though recent evidence suggests that immunologically mediated processes contributing to inflammation (a recognized component of CVD) may be involved in disease initiation and progression (Ross, 1999; Libby et al., 2002) . Whether discrimination and other stressors experienced as a part of immigrant acculturation to the US cause elevated blood pressure and EBV antibodies is a topic for future research that could benefit from multi-site longitudinal methods (e.g. measurements taken in countries of origin before emigration and after immigration to the US).
Limitations
This study's small sample size may contribute to the mixed and, at times, contradictory findings described above. In addition, the use of only a few items from validated instruments may have reduced the variance of responses and influenced results. Due to the reliance on a non-probability design, this study's findings regarding prevalence of discrimination, or associations between discrimination and health, may have limited relevance for Latino immigrants who are not residents of the partnering community-based organization in this study, or who live in other regions of Oregon or the United States.
The sampling frame raises particular concerns related to selection biases. The sample was composed of Latino immigrant farm workers in Oregon who were probably higher on the SES gradient, and had more social support than most farm workers (K. Ross, personal communication) , particularly when compared with workers who live in poor conditions in work camps (Stephen, 2007; Farquhar et al., 2008) . A more random, representative sample of Latino immigrant farm workers may well document higher levels of psychosocial stress and greater associated health risks (Ross, 2007) . This study's measurement of the constructs of discrimination, acculturation and family support posed limitations. The use of a binary question to determine whether participants have ever experienced unfair treatment raises concern as to whether this measure is a valid instrument of discrimination-related stress, though it is promising that a single item would yield a prevalence rate comparable to those of studies that rely on more thorough assessment. This result may serve as evidence of Williams and colleagues' (2003) observation that the most useful way to measure discrimination may be to ask about perceptions of unfair treatment. The current measure of perceived discrimination clearly needs to be expanded to address an array of discriminatory experiences and coping strategies, including at the individual and neighbourhood levels. In Oregon, the social stigmatization of Mexican origin immigrants (Stephen, 2007) may dovetail with interpersonal and neighbourhood-based experiences of discrimination in ways that impact immigrant health (Finch et al., 2000) . In relation to acculturation, future incorporation of measures of ethnic identity formation, language use in a range of contexts (e.g. work, school, home), and that gauge cultural orientation, including of biculturalism, might provide additional insights. Finally, the reliance on a single item focused exclusively on family support substantially limited exploration of the potential mediating effect of social support on women's and men's stress and health. Future research might investigate if gender dissimilarities in the physiological effects of discrimination and acculturation among Latino immigrants may be related to larger differences in women and men's biosocial worlds.
Conclusion
This study is a step toward filling the gap in what is currently known about the influence of perceived discrimination and related stress on health. Insights into the effects of discrimination stress, elements of acculturation and socioeconomic status on biological measures can further understanding of the social determinants that may contribute to chronic disease progression among Latino immigrants. If these connections are confirmed, it is possible that chronic disease prevention and public health policies that target immigrants may benefit through a focus on protecting against the effects of discrimination and other stressors associated with adjustment to life in the United States. 
